The epicuticular leaf waxes from E. characias, E. nicaeensis and E. peplus were found to contain pentacyclic triterpenoids in great amounts in addition to the common lipid wax constituents: alkanes, wax esters, aldehydes, primary alcohols and fatty acids. The gross amount of triterpenoids were triterpenols, however, their acetates and fatty acid esters as well as the corresponding ketones were found, too. Distinctive variations in the occurrence of 13 triterpenoids a-and ß-amyrin, lupeol, germanicol, a-fernenol, simiarenol, ß-amyrinone, lupenone, lupeol acetate, lupeol esters, a-and ß-amyrin esters and a-fernenol esters were observed. Therefore all Euphorbia species showed very species specific compositions concerning these triterpenoids.
Introduction

Most of the European members of the family
All Euphorbia species produce a characteristic milky-white chemically rich latex which contains various biologically active components [2-8] and a
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Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0341 -0382/88/1100-0806 $01.30/0 number of tetra-and pentacyclic triterpenoids, partly in considerable quantities [9] [10] [11] [12] [13] [14] , with various physiological functions and therapeutical properties [15] .
The analysis of wax constituents from several
Euphorbia species showed unusually high amounts of triterpenoids in the surface waxes, too [16, 17] . These substances, resulting from the isoprene metabolism, were found in addition to the homologous series of the common wax lipids: alkanes, wax esters, aldehydes, primary alcohols and fatty acids. For this reason it was useful to confirm and extend the study of these waxes by complete analyses of triterpenoids. This paper summarizes the triterpenoid composition of E. characias, E. nicaeensis and E. peplus.
Materials and Methods
Plant material was cultivated from seeds in the gardens of the Botanical Institute, University of Cologne under identical environmental and horticultural conditions. Stems were cut in autumn and extracted immediately twice by short time immersion in distilled chloroform. Care must be taken that no latex contaminates the extract. The wax extracts were filtered, evaporated to dryness, weighed and subsequently redissolved in hexane. Waxes were fractionated by CC on silica gel 60, 0. (Tables I and IV) .
Plant epicuticular waxes frequently contain triterpenoids but they are usually described as minor components [25] . In this investigation, however, triterpenoids and primary alcohols (26-31%) were the dominating major components. In E. characias triterpenoids and alcohols together even reached 69% of the total wax (E. nicaeensis 62%; E. peplus 45%). The highest amounts could be noted in E. aphylla wax which accounted for 73% of both, which is in fact nearly three fourth of the crude wax [19] .
Triterpenols
In Euphorbia surface waxes mostly mixtures of different triterpenols were found accompanied with primary alcohols in the methanol fraction (CC). Individual triterpenols could be isolated by LPLC with dichloromethane as eluent. They were identified by a positive carbazole colour reaction, their individual Rf values on AgN0 3 impregnated silica gel plates (Rf 3 ) and their relative retention times (rrt) by GC analysis in comparison with authentic samples, using a capillary column (Table II) . Furthermore GC-MS analysis proved to be an excellent method for the identification of triterpenoids. The mass spectra of all triterpenols showed a molecular ion at mlz 426, corresponding to C 30 H 50 O. Additionally all spectra showed significant fragment ions and individual fragmentation patterns. By the aid of these spectra the identification of triterpenols succeeded definitively.
The principal triterpenols of the three
Euphorbia waxes examined were ß-amyrin, a-amyrin and lupeol (Table IV) . The waxes of E. characias and E. nicaeensis only contained these three triterpene alcohols. In E. characias lupeol was the major component, whereas a-amyrin was prominent in E. nicaeensis (Table IV) . In E. peplus only small Table III (Table III) .
Characteristic mass fragments for lupeol were mlz 315, 218, 207 and 189, mlz 207 (30%) being the main fragment ion. Lupeol (rrt 1.043) and a-amyrin (rrt 1.041) had very similar relative retention times so that no complete separation was achieved by GC. Nevertheless the presence of both compounds in E. characias and E. nicaeensis was confirmed by their characteristic mass spectra (see Table III 
Furthermore in E. characias wax germanicol was found as a minor component and the wax from
E. peplus contained a-fernenol and simiarenol, the latter one being predominant, whereas a-fernenol appeared in amounts comparable to lupeol. Another triterpenol, not yet identified, could be isolated in traces from this species (Table IV) .
Germanicol belongs to the oleanen group with a double bond in position A 18 of ring E (Fig. 1) . Methyl and hydroxyl substitutions are identical to those of ß-amyrin. The generally similar chemical structure of both triterpenols leads to identical Rfvalues in TLC (Table II) . Also the difference in GC retention times was but small. In contrast, the mass spectra of A 18-oleanenes were quite different from those of A 12-oleanenes, due to the position of the double bond. The mass spectrum of germanicol exhibited a m/z 177 peak, representing a C] 3 H2i ion accompanied by two further important fragments with slightly lower intensities, namely the ions mlz 189 and 204 (see Table III a-Fernenol belongs to the fern-9(ll)-ene group  (Fig. 1) . The mass spectrum showed a prominent peak at mlz 259 and two minor peaks at mlz 241 and 273. The general fragmentation pattern, especially the very pronounced appearance of mlz 259, followed by mlz 241 suggested the molecular structure of fernenol [29] . a-and ß-fernenol have identical mass spectra but can be distinguished by the relative GC retention times [30] , Simiarenol is a A 8 unsaturated triterpenol with an isopropyl group in position C 2 \ (Fig. 1) . Characteristic fragment ions in its mass spectrum were mlz 274(50), 259(40), 241(18) and 231(15), due to the easy loss of the isopropyl group (C 3 H 7 ) from ion mlz 274 (Table III) (Table II) . The presence of all triterpenols found in the three surface waxes could be confirmed by comparison of the mass spectra with those of authentic samples. Germanicol, fernenol and simiarenol mainly were observed in waxes of panicoid and eragrostoid grasses [30] [31] [32] . Fernenol was present in E. lathyris epicuticular waxes, too [22] , and simiarenol also was found in waxes from E. lathyris [22] and E. aphylla [19] ,
Triterpenol esters
All epicuticular leaf waxes from Euphorbia species contained triterpenols esterified with homologous series of long chain fatty acids [18, 19] . They showed the same colour reaction with carbazole as determined for free triterpenols. In some cases, depending on the chain length of the combined fatty acids, these triterpenol esters could be separated from wax esters by TLC [18] . Ethanolysis of the esters yielded the free triterpenols and fatty acid ethyl esters. The triterpenols were identified in the same manner as discussed above (TLC, GC, GC-MS) (Table IV) .
E. characias
wax contained a-amyrin esters, lupeol esters and further esters with not yet identified alcohols. In E. nicaeensis wax only a-amyrin esters were found. E. peplus wax contained ß-amyrin esters, lupeol esters and a-fernenol esters but no simiarenol esters; this alcohol represented the dominating component in the free triterpenol mixture of this species (Table IV) . Simiarenol was present in E. aphylla wax, too [19] and also in this wax it was not found esterified. Comparison of free and combined triter- 
Triterpenol acetates
Lupeol acetate was the single triterpenol acetate observed in the three waxes. It occurred exclusively in the 2-chloropropane fraction from E. characias wax in a very small amount. Identification was carried out as described above (TLC, GC, GC-MS) (see Table II E. characias contained a triterpenol acetate (lupeol acetate) and germanicol. E. nicaeensis differed from the others in having no triterpenones. a-and ß-amyrin as well as lupeol are not uncommon constituents in plant waxes [38] . In contrast a-fernenol, simiarenol and germanicol are not frequently men-tioned as wax constituents. The results shown here for the epicuticular waxes are not in agreement with the triterpenoids described to be present in the latex. In E. characias and E. lathyris various lanosterols, euphol, cycloartenol and 24-methyl cycloartenol are the latex triterpenoids [13] , whereas for E. peplus latex ß-amyrin and lupeol are described [34] , These results confirm the assumption that the latex system behaves as a metabolically autonomous system in the plant [39] ,
